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exposure tool as used in semiconductor 
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combine elements of different refracting power to 
widen the spectral bandwidth which can be 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An optical reduction system which has an object space numerical aperture in a 
photolithography tool, comprising: 

A polarization compensator which provides a variable wavelength polarization difference. 

An object to which this polarization difference that is an object which moves a projected picture and 

this polarization compensator provides changes light projected from this object. 

[Claim 2]The 2nd lens characterized by comprising the following Have further and said polarization 
compensator, Polarize light received with this 1st lens, and an output of this 1st lens negative 
[ this ], Provide sufficient output to carry out image formation of the entrance pupil of said system 
to an aperture stop near this mirror in this mirror in infinite distance, and an output of this 2nd lens 
positive [ this ], The optical reduction system according to claim 1 which provides all substantially 
[ output / of this system ], and carries out image formation of the outgoing radiation pupil of this 
system to infinite distance. 

The 1st lens that has the negative output provided with the larger number of incidence openings 
than said object space numerical aperture. 

A beam splitter which separates light which enters from this 1st lens. 
A concave surface mirror. 
A positive output. 

[Claim 3]An optical reduction system of a long conjugate end to a short conjugate end characterized 
by comprising the following. 
A variable wavelength board. 

A reticle which it is a reticle, this variable wavelength board provides with elliptically polarized light, 
and this reticle provides with linear polarization. 

The 1st lens group of a positive output that has the number of incidence openings. 
An outgoing radiation numerical aperture with this 1st bigger lens group in which it is the 2nd lens 
group of a negative output, and this 2nd lens group is separated from the 1st lens group than this 
number of incidence openings. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

(The background of invention) 
(Field of invention) 

This invention relates to the optical system used in semiconductor manufacture generally. 
[0002] 

(Pertinent art) 

Generally a semiconductor device is manufactured using various photolithography technique. The 
circuit mechanism used with a semiconductor chip is projected from a reticle on a wafer. It often 
succeeds in this projection by use of an optical system. The design of these optical systems has 
many complicated things, and it is difficult to obtain the resolution [ **** ] needed in order that 
while may become small and the size arranged on a semiconductor chip may generate a component. 
Therefore, many labors have been spent in order to develop the optical reduction system which can 
generate the future of a very minute component smaller than 0.25 micron. The necessity of 
developing the optical system which can generate the future of a very minute component is needed 
in order to raise system performance. 
[0003] 

. The conventional optical system was published by Williamson on July 16, 1996. It is indicated by 
the U.S. Pat. No. 5,537,260 item of a name "Catadioptric Optical Reduction System with High 
Numerical Aperture." This document indicates the optical reduction system which has the numerical 
aperture 0.35. Another optical system is indicated by the U.S. Pat. No. 4,953,960 item of a name 
"Optical Reduction System" published by Williamson on September 4, 1990. This document operates 
in 248 nm and indicates the optical system which has the numerical aperture 0.45. 
[0004] 

(Summary of invention) 

Although these optical systems fully perform each purpose to intend, to improve system 
performance is needed further, this invention person specified that there was the necessity of 
minimizing the influence of a reticle double reflex. The optical system which has a narrow line width 
critical size (CD) control error which can be received to system performance is needed. 
[0005] 

By introducing the compensation for controlling exposure polarization, the influence of the 
performance of the reticle double reflex in a polarization photosensitivity incident light study 
element including a reflective refraction incident light study element is restricted. When a reticle 
board shows a double reflex, polarization of the light on which it was projected via the optical 
system changes. . 
[0006] 

This change changes the performance of the whole system. The characteristics, such as 



http://ww4ipdlinpit.goop/cgi-bin/tran_web_cgi_ejje7a 4/7/2011 



JP,2003-532281,A [DETAILED DESCRIPTION] 



Page 2 of 25 



reflectance, insertion loss, and a beam splitter ratio, differ for every polarization. Thereby, the dose 

error in a wafer arises. A dose error contributes to a line width CD control error. 

[0007] 

A dose error may be produced from a reticle double reflex even to completely suitable polarization. 
Although this influence is comparatively small, a dose error becomes quite large, when a reticle 
board shows a double reflex and that input light has a small error with a reticle board. This invention 
minimizes the influence of a reticle double reflex by optimizing the exposure which changed the 
exposure polarization based on input light slightly. Thereby, a dose error is minimized. By this 
minimization, reduction of a line width CD control error arises. 
[0008] 

In a certain embodiment, a reflective refracted-! ight reduction system has the variable 
compensation over a reticle retardation before a long conjugate end. The variable compensation 
ingredient (singular number or plurality) in front of a reticle can adjust polarization a reticle or near 
the reticle to an ellipse. A variable compensation ingredient may be the compensator and/or soleil 
BABINE compensator of a variable wavelength board, a reflection or a penetration thin film polarizer, 
and BEREKU (Berek). 
[0009] 

In a certain use, a reticle has a double reflex of a quantity quite smaller than wavelength. In such a 
use, a double reflex receives and changes a reticle. This variable double reflex changes the 
polarization condition [ **** ] which introduces the dose error and related CD line width variation 
which are a function of a position. 
[0010] 

A polarization compensator enables optimization of an exposure polarization condition, in order to 
minimize a dose error. These small change adjusts polarization purity to a more perfect level as 
compared with the polarization purity of several percent needed in the conventional optical system. 
[0011] 

Polarization condition purity is adjusted by changing to actual polarization ellipse nature slightly. 
Generally, in the irradiation system for changing the polarization condition in a reticle, a 
compensator may be arranged at arbitrary places. However, in the case of powerful arbitrary light 
polarizers (for example, polarization analyzer), the compensator should be arranged at the reticle 
flank of light polarizer. 
[0012] 

A reflective refracted-light reduction system provides the comparatively high numerical aperture of 
0.7 which can patternize the future smaller than 0.25 micron on 26 mm x the 5-mm field. Thereby, 
an optical reduction system is well adapted for tools, such as a photolithography use and a step 
which is used in semiconductor manufacture, and a scanning micro lithography exposure tool. Some 
of other embodiments combine the element of different refracting power, in order to expand the 
spectrum band region width which may be obtained. 
[0013] 

In another embodiment, this invention is a reflective refraction reduction system which has a 
polarization compensator, a reticle, the 1st lens group, the 2nd lens group, a beam splitter cube, a 
concentric circle concave mirror, and the 3rd lens group from an object or a long conjugate end to a 
reduction image or a short conjugate end. The concave mirror operates near the unit magnification. 
This reduces the diameter of the radiation inputted into the aberration and the beam splitter cube 
which are introduced in the mirror. The 1st lens and 2nd lens group in front of a concave mirror 
provide output sufficient for the aperture stop in a concave mirror and its neighborhood to imagine 
an entrance pupil infinitely. The 3rd lens group behind a concave mirror provides the projection to 
whether it reduced from the object to the image of an optical system, the becoming portion, and the 
infinite exit pupil of an aperture stop. High order aberration is reduced by using an aspheric surface 
concave mirror. 



http://ww4ipdUnpit.go jpte 4/7/2011 



y 

JP,2003-532281,A [DETAILED DESCRIPTION] 



Page 3 of 25 



[0014] 

The further embodiment the feature, and advantage of this invention are indicated in detail below 
with reference to attached Drawings like the structure of various embodiments of this invention, and 
operation. 
[0015] 

The Drawings of the attachment which is included in this Description and forms some of these 
Descriptions illustrate this invention with the description, play the role explaining the principle of this 
invention further, and make it possible that a person skilled in the art performs this invention and to 
use it. 
[0016] 

Here, this invention is explained with reference to attached Drawings. In Drawings, the same 
re f erence mar |< shows a similar element functionally similarly. The number (singular number or 
plurality) of the leftmost of a reference number specifies the Drawings in which the reference mark 
appeared first. 
[0017] 

(Detailed explanation of a suitable embodiment) 

I. Outline II. technical term III. the conventional optical system and reticle double reflex [ ] — IV. 
polarization compensation [ ] — optical system B. which has control of implementation A. laser 
radiation polarization of V. illustration — another embodiment C. — further embodiment [ ] I. 
outline This invention compensates a reticle double reflex. This raises the imaging quality of the 
reflective refraction reduction system of a photolithography. In order to explain this invention, a 
technical term section is provided first. Behind an outline section, the problem (drawing 2 A) of the 
reticle double reflex recognized by the conventional optical reduction systems ( drawing 1 ) and this 
invention persons of illustration is explained. The optical element for attaining polarization 
compensation and the polarization compensation by this invention is indicated (drawing 2 B and 
drawing 2 C). The implementation of the illustration of this invention which finally has one or more 
compensators in the optical reduction system which raises imaging quality is explained ( drawing 3 - 
drawing 9 ). 

[0018] 

II. Technical term In order to describe this invention more clearly, its best is done over the whole 
Description so that it may be consistent as much as possible and may become faithful to the 
following term regulations. 

[0019] 

The term "circuit mechanism" is designed in order to use it in a semiconductor device, and it points 

out a future. 

[0020] 

The term "dose error" points out change of power distribution of the radiation which enters into an 

image or a wafer plane. 

[0021] 

The term "future orientation" points out the pattern printed on the reticle to projection. 
[0022] 

The term "long conjugate end" points out the flat surface in the object or reticle end of an optical 

system. 

[0023] 

The term "short conjugate end" points out the flat surface in the image or wafer end of an optical 

system. 

[0024] 

The term "print bias" points out the change in the line on the wafer generated by the asymmetry of 
the optical system. Asymmetry is generated by diffraction on various stages of a system and a 
reticle. 
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[0025] 

The term "semiconductor" points out the solid board which may be changed electrically. 
[0026] 

The term "semiconductor chip" points out the semiconductor device which has arbitrary numbers 

of a transistor or other components. 

[0027] 

The term "wafer" points out the base material in the semiconductor manufacture which performs a 

series of photo-mask steps, etching steps, and/or implementation steps. 

[0028] 

The term "wavelength plate" points out the retardation board or phase machine created from the 

material in which a double reflex is shown. 

[0029] 

III. A conventional optical system and reticle double reflex drawing 1 illustrate the conventional 
optical reduction system. Even at the short conjugate end by which a wafer is arranged from the 
long conjugate end by which a reticle is arranged, the conventional optical reduction system, It has 
the 1st optical element groups 120, the beam splitter cube 150, the 1st 1/4 wavelength plate 140, 
the concave mirror 130, the 2nd 1/4 wavelength plate 160, and the 2nd optical element groups 170. . 
Each of these elements 120-170 was published by Williamson on July 16, 1996. It is indicated in the 
U.S. Pat. No. 5,537,260 item of a name "Catadioptric Optical Reduction System withHigh Numerical 
Aperture." The size of a numerical aperture and the requirements for spectrum radiation, and the 
future of arbitrary optical systems interdepend on each other. In order to emanate to a reticle 
efficiently, it may ask for linear polarization. In a certain case, it may ask for other exposure 
polarization conditions, for example, right-handed circularly polarized light, or left-handed circularly- 
polarized lights, the linear polarization introduced in the top — or it limits to linear polarization 
mostly and the following sections are explained. 

[0030] 

As this invention person has recognized, almost all reticles are weak double reflexes. Therefore, a 
reticle changes the linear polarization used for being projected even on a wafer from a reticle. A 
reticle may polarize incidence linear polarization in ellipse to the almost same, but quite small grade 
as a wavelength plate. Thereby, the dose error in the wafer expanded selectively at least is 
introduced by the future orientation to a reticle. A dose error contributes to a line width CD control 
error even to suitable polarization. A line width CD control error has an adverse effect to the 
performance of a semiconductor device. 
[0031] 

Drawing 2 A illustrates the double refraction property of the reticle 1 10. The reticle 1 10 is arranged 
at the course of the linear polarization 210. The vector diagram 205 illustrates the linear position of 
polarization. The reticle 1 10 is a weak retarder,. namely, the reticle 110 shows the double reflex of 
few sizes. Light differs and polarizes so that it may be shown after the reticle 1 10 by the curve in 
the optical power 230. The vector diagram 235 shows the chip 237 and the spread 238 of light which 
leave a reticle. 
[0032] 

IV. Polarization compensation A wavelength plate (a retardation board or a phase machine) is formed 
from the material in which a double reflex is shown. A double refraction material including a vitrified 
material and crystal under internal stress or external force is aeolotropism mostly. This means that 
it differs towards electronic atomic union power differing, and refractive indicees differ similarly as a 
result. 

[0033] 

The simplest classification of a crystal is a crystal symmetrical with a cube. In a cubic, all the three 
crystallographic directions or axes are equivalent. In n =n =n , a crystal is isotropy optically. 

x y z 

Irrespective of how light polarizes to a crystal, light receives the same refractive index and, thereby, 
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receives the same phase retardation. Therefore, except for repeating fixed phase retardation, even 
after any polarization moves through an isotropic crystal without a defect, it does not continue not 
changing. (This is applied also to an amorphous board like [ again ] glass.) 
However, another classification of a crystal shows the asymmetric (or aeolotropism) optical 
characteristic. They are publicly known as a doubly refracting crystal. The type with a double reflex 
is a monopodium and this means differing [ one crystal axis ]-from other two, i.e., n z != n x =n y . The 

common crystals whose optical properties are monopodia are quartz, calcite, and MgF 2 . One crystal 

axis which is a monopodium is often called "extraordinary light" axis, and the related refractive 
index is expressed as n . On the other hand, other two axes are "ordinary light" axes which have 

refractive-index n . 

o 

[0034] 

In the case of monopodium doubly refracting crystals, such as quartz, one axis of symmetry 
(actually one direction) known as an optical axis shows the two different principal indices of 
refraction. This is maximum-refractive-index n rt (slow axis) and minimum refractive-index n p (fast 

axis). 
[0035] 

According to the technical term of an uniaxial crystal, the following displays, i.e., fast axis, and slow 
axes are used. The axis which has the smallest refractive index is a fast axis. Like quartz, when it is 
n e <n Q , an unusual optic axis is a fast axis and the Tsunemitsu axis is a slow axis. On the contrary, 

like calcite and MgF 2 , when it is n e >n Q , an unusual optic axis is a slow axis and the Tsunemitsu axis 

is a fast axis. According to the definition, quartz is called a positive uniaxial crystal and calcite is 
called a negative uniaxial crystal. These two refractive indicees correspond to an optical field 
oscillation parallel to an optic axis, and vertical. 
[0036] 

The input light by which linear polarization was carried out in accordance with the Tsunemitsu axis 
of a crystal functions as a Tsunemitsu wave, and receives refractive-index n Q . If light rotates a 

crystal so that linear polarization may be carried out in accordance with the unusual optic axis of a 
crystal, light will function as an extraordinary wave which shows refractive-index n e . Even if light 

passes the same course length physically in these two cases, phase retardation will differ from 

optical course length. 

[0037] 

Therefore, in the case of quartz, a maximum refractive index is a result of the ordinary ray which 
passes the material in alignment with a certain optical course. The minimum refractive index is a 
result of the extraordinary ray which passes the material in alignment with another optical course. 
The speed of the ordinary ray and extraordinary ray which pass along a double refraction material 
changes violently with a refractive index. When combining two beams of light again, the difference of 
speed produces phase contrast. It is this when entering a linear-polarized-light line, [0038] 
[Mathematical formula 1] 

o M- n <>) 

a » lied- — - — L ; 



Be alike is given and, as for phase contrast and d, each refractive index of extraordinary light and 
ordinary light and lambda of the thickness of a wavelength plate, n e , and n Q are [ alpha ] wavelength 
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here. Therefore, in arbitrary specific wavelength, phase contrast is controlled with the thickness of a 

wavelength plate. 

[0039] 

the thickness of 1/4 wavelength plate — phase contrast — 1/4 wave of (zero — it seems that it 
increases next) or 1/4 wave of several times (many — following) When the angle between the 
entering electric field vector of a linear-polarized-light line and the retardation principal section of 
1/4 wavelength plate is 45 degrees, circular light of the beam to generate is carried out. 
[0040] 

If 1/4 wavelength plate is passed twice, light will be reflected by the mirror, for example, and when 
1/4 wavelength plate is passed twice, it acts like a half-wave plate and makes a certain angle rotate 
a polarization flat surface. 
[0041] 

The thickness of the double refraction material which introduces one fourth of the wavelength of 
incident light means 1/4 wavelength plate. This is compared with two thickness of the material of 
the thing which added 1/4 wave to the integral multiple of the half-wave length, or a phase 
retardation which is different only as for 1/4 wave, the adverse effect of the change by that cause 
with the big degree of incidence angle — zero — use of the following wavelength plate — and in a 
high numerical aperture, it is minimized by restricting the field size of incident planes. 
[0042] 

similarly, phase contrast seems to be [ the thickness of a half-wave plate ] 1/2 wave (zero next) or 
1/2 wave of odd times (many — following). The linear polarization beam which enters into a half- 
wave plate is emitted as a linear polarization beam rotated so that it might be an angle whose angle 
to an optic axis is twice the incident beam. 
[0043] 

although variable wavelength boards may be some modes — the characteristic of these variable 
wavelength boards — the above — many — it may have the following characteristic and the same 
characteristic that is not good, however, the wavelength plate which can adjust a retardation 
continuously — zero — in order to use the next, there is available technology. Such a variable 
wavelength board is called a polarization compensator, and can obtain the retardation of the 
wavelength of the wide range containing 1/4 wave and the half-wave length using it. The 
compensator of two types mainly exists. It is a BEREKU compensator and a soleil BABINE 
compensator. 
[0044] 

The characteristic of these two compensators is shown by drawing 2 B and drawing 2 C. Drawing 2 
B illustrates the characteristic of a BEREKU compensator. Drawing 2 C illustrates the characteristic 
of a soleil BABINE compensator. 
[0045] 

The BEREKU compensator shown in drawing 2 B is produced from the single flat surface omitted 
with the unusual optic axis vertical to a flat surface. When the light 240 enters at right angles to a 
flat surface, light spreads at the speed independent of polarization. In this case, there is no 
retardation in the outputted ray 245. It is because it is only that light receives refractive-index n Q . 

this light — an unusual optic axis — " — carrying out — there is nothing (ignorant) — " . However, 
when the board 250 separates from the direction of the light 240, or the light 240 and inclines (it is 
shown by board 250'), one of the axes of incident planes becomes unusual slightly. Here, the axis 
has effective-index n' given in following formulas. 

[0046] 

[Mathematical formula 2] 



http://www4.ipdl.inpit.RO.ip/cgi-bin/tran web cgi ejje?atw u=http%3A%2F%2Fwww4.ipd... 4/7/2011 



JP,2003-532281,A [DETAILED DESCRIPTION] 



Page 7 of 25 




2 ^ 2 



The unusual optic axis is vertical to the board. By inclination, in outputted ray 245', a double reflex 
arises and, thereby, a phase retardation arises. Even if the quantity of the retardation of a BEREKU 
compensator is dependent on the grade of inclination, it has angle sensitivity equal to other 
compensators. A BEREKU compensator lowers cost and optical loss, while it is attractive, and this 
holds the diversity of soleil BABINE as shown below since it consists only of one board of an 
uniaxial crystal. 
[0047] 

Soleil BABINE consists of what accumulated two monopodium boards efficiently [ both ]. Drawing 2 
C shows the boards 260 and 270 and the boards 280 and 290. The unusual optic axis of two boards 
is mutually vertical, and thereby, the role of the Tsunemitsu axis and an unusual optic axis will be 
reversed, if light passes the board of another side after one board. The phase contrast or the 
retardation accumulated by the board 260 (280) may be offset selectively or thoroughly with the 
board 270 (290). 
[0048] 

A variable compensator is produced by designing the board 260 (280) as two complementary 
wedges, as shown in the wedge pairs 263 and 265 and the wedge pairs 283 and 285. Thus, all the 
effective thickness of the board 260 (280) may be adjusted by sliding the wedge 263 to the wedge 
265. This is illustrated to drawing 2 C. When the thickness of the board 260 (280) is correctly equal 
to the thickness of the board 270 (290), it becomes a retardation of net zero. 
[0049] 

Although the operation is understood easily, the soleil BABINE compensator is comparatively 
expensive and is obtained. It is because three carried uniaxial crystals which were made carefully 
are needed. Another fault of a soleil BABINE compensator is that originate in the reflection from six 
interfaces which exist in the design, and there is a loss extremely. 
[0050] 

(V. Implementation of illustration) 

(A. Optical system which has control of laser radiation polarization) 

In order to minimize the dose error in the polarization photosensitivity incident light study system 
produced by change of the double reflex to a reticle, a variable wavelength board is used for this 
invention. A single polarization compensator provides the whole reticle with a single compensation 
so that it may be indicated to a figure. In a certain embodiment, many complicated amendment 
machines can provide the amendment which changes as a function of a reticle position. 
[0051] 

A compensator system may be designed in another embodiment offset the exposure polarization for 

compensating a local reticle double reflex. 

[0052] 

In a certain embodiment, even evaluation of a polarization condition is ****** to exposure to dose 
control. For example, a polarization condition is equalized to a reticle. Drawing 3 illustrates the 
embodiment of this invention which deletes such asymmetry or print bias. The BEREKU 
compensator 305 is introduced in front of an object or the reticle flat surface 110. The BEREKU 
compensator 305 carries out fine tuning of the light of the reticle plane polarized light, and is made 
to adjust it to a state [ **** ] almost just at a reticle flat surface. In an embodiment with an optical 
irradiation system without a loss, a compensator introduces the amendment to polarization equal to 
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a polarization condition without a compensator. Although amendment is a sign showing an opposite 
meaning, it separates from a state [ **** ]. When an incident light study element has a double reflex 
of a small quantity which is not meant in front of powerful arbitrary light polarizers, the exposure 
compensator can offset the further quantity that compensates this double reflex. Therefore, the 
dose error produced by the double reflex of a reticle is minimized, and its line width control 
improves. 
[0053] 

(B. Another embodiment) 

It is clear to a person skilled in the art that it may be inserted in the system in front of the reticle 
110 instead of the soleil BERIE compensator 405 being BEREKU 305. This embodiment that the 
soleil BERIE compensator 405 achieves the same function as the BEREKU compensator 305, and 
generally commits in the same characteristic as mentioned above is shown in drawing 4 . 
[0054] 

(C. Further embodiment) 

This invention may be realized in various projection optics systems. For example, this invention may 
be realized in the catadioptric system, refraction system, and reflective system which are explained 
in detail into this Description. If are based on the contents of instruction provided in this Description 
at least and it will be a person skilled in the art, the embodiment of this invention will understand 
that it can apply to other reduction systems. Below is provided with the further detailed embodiment 
of this invention. 
[0055] 

The further embodiment that has the variable wavelength boards 505, 605, 705, 805, and 905 is 
described in detail below with reference to drawing 5 - 9. The variable wavelength boards 505, 605, 
705, 805, and 905 are not limited to a variable wavelength board, and although they may be arbitrary 
types among the variable compensators containing a stratified wavelength plate and opposite mirror, 
the compensator of BEREKU, and/or a soleil BABINE compensator, generally, they are not limited to 
these. 
[0056] 

Drawing 5 shows another embodiment of the optical reduction system of this invention containing 
the variable wavelength board 505 in the lighting system for providing compensation for a reticle 
double reflex. This optical reduction system from the long conjugate end of drawing 5 . The variable 
wavelength board 505, an object or the reticle side 1 10, 1st lens group LG1, the foldaway mirror 520, 
2nd lens group LG2, the beam splitter cube 530, the 1st 1/4 wavelength plate 532, the concave 
surface mirror 534, the 2nd 1/4 wavelength plate 538, and lens group LGof ** 3rd3 are included. A 
picture is formed in an image face or the wafer surface 180. Lens group LGof** 1st1 contains the 
duplet and the positive lens 518 which vacate the interval containing the shell 512, the positive lens 
514, and the negative lens 516, and are arranged. The shell 512 is about 0 output or an output lens 
of 0. Lens group LGof ** 2nd2 contains the duplet and the negative lens 528 which vacate the 
interval containing the positive lens 522, the negative lens 524, and the positive lens 526, and are 
arranged. Lens group LGof ** 3rd3 contains the two positive lenses 546 and 548 which are [ which 
are positive / strong / the two positive lenses 540 and 542, the shell 544, and positive / weak ]. The 
foldaway mirror 520 is not indispensable in order to operate this invention. However, a foldaway 
mirror enables an object face and an image face to become parallel. This is convenient for the 
application made into one purpose of the optical system of this invention. This application is 
manufacture of the semiconductor device using the photo lithography by the step and a scan 
system. 
[0057] 

It goes into a system in a long conjugate end, and passes along lens group LGof ** 1st1, and it is 
reflected by the foldaway mirror 520 and radiation passes along lens group LGof ** 2nd2. It goes 
into the beam splitter cube 530, and is reflected on the surface 536, and radiation passes the 1/4 



http://www4.ipdl.inpk^^ 4/7/2011 



JP,2003-532281,A PETAILED DESCRIPTION] 



Page 9 of 25 



wavelength plate 532, and is reflected by the concave surface mirror 534. Subsequently, radiation 
passes along the 1/4 wavelength plate 532 and the beam splitter cube 530 again, passes along the 
1/4 wavelength plate 538 and lens group LG3, and can double a focus in a picture or the wafer 
surface 180. 
[0058] 

Lens group upper stream LG1 of a mirror and LG2 are the concave surface mirrors 534, or they 
provide only sufficient output to carry out image formation of the entrance pupil in infinite distance 
to the aperture stop 531 in the neighborhood. The output which combined the lens groups LG1 and 
LG2 is negative slightly. The shell 512 and the void duplets 514 and 516 help the aberration 
compensation containing astigmatism, a curvature of field, and distortion. Lens group LG3 after the 
concave surface mirror 534 provides most reduction to image size from an object, and it projects an 
aperture stop to the outgoing radiation pupil of infinite distance. The two strong positive lenses 540 
and 542 provide the high numerical aperture in the outgoing radiation pupil in a picture and infinite 
distance. The shell 544 hardly has an output. The two weak positive lenses 546 and 548 promote 
amendment of the aberration of a high order number. The concave surface mirror 534 can provide 
reduction percentage 1 .6 to 2.7 times the reduction percentage of the whole system. 
[0059] 

The negative lens 524 in lens group LGof ** 2nd2 provides the strong diverging beam turned to the 
beam splitter cube 530 and the concave surface mirror 534. The strong positive lens 522 provides 
lateral color correction. The void duplet containing the lenses 524 and 526 helps to amend a 
spherical aberration and a coma aberration. The concave surface mirror 534 is an aspheric surface 
preferably, therefore it is useful to reduce high order aberration further. 
[0060] 

The transmission loss produced by the beam splitter cube 530 is minimized by irradiating with an 
object or a reticle and including the 1/4 wavelength plate 532 between the beam splitter cube 530 
and the concave surface mirror 534 by linearity polarization. The maximum angle range in these 
elements is no longer seen by increasing the 3rd numerical aperture of lens group LG3 after the 
concave surface mirror 534 and the beam splitter cube 530. 
[0061] 

However, if the linear polarization of a bigger numerical aperture than about 0.5 is used, in image 
formation, it is minute, but remarkable asymmetry arises. In this invention, the above-mentioned 
thing may be effectively lost by introducing 1/4 another wavelength plate 538, after passing along 
the beam splitter cube 530 at the end, and changing linear polarization into circular light 
Fundamentally in that image formation action, unpolarized light and distinction are impossible for this 
circular light. 
[0062] 

The optical system shown in drawing 5 is designed operate with the reduction percentage of 4 to 1. 
Therefore, the numerical aperture in picture space decreases from 0.7 by the factor of 4-0.175 in an 
object or the reticle side 110. That is, an object space numerical aperture is 0.175 and a picture 
space numerical aperture is 0.7. When lens group LGof** 1st1 is left, a numerical aperture 
decreases to 0.12 and, as a result, a right output is needed for carrying out image formation of the 
entrance pupil in infinite distance to the aperture stop of the system near the concave surface 
mirror 534 lens group LG1. A numerical aperture is 0.19 when it goes into a beam splitter, after 
leaving lens group LGof ** 2nd2. Therefore, the 2nd outgoing radiation numerical aperture (0.19) 
from lens group LG2 is large compared with incidence of lens group LG1, or an object space 
numerical aperture (0.175). That is, lens group LGof ** 2nd2 has a bigger outgoing radiation 
numerical aperture than the 1st number of incidence openings of lens group LG1. This originates in 
the 2nd whole negative output of lens group LG2, and is extremely similar with the object space 
numerical aperture (0.175). This has [ zero ] a typically near numerical aperture included in a beam 
splitter cube, namely, differs from the conventional system mostly made parallel. The concave 
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surface mirror 534 is almost concentric, and it is only that the numerical aperture of the radiation 
reflected from the concave surface mirror 534 increases slightly from 0.19 to 0.35. Lens group LGof 
** 3rd3 doubles a numerical aperture effectively to the final value 0.7 in a wafer or the image face 
180. 
[0063] 

This invention attains a comparatively high numerical aperture, without the edge of a beam splitter 
cube interrupting by the negative 2nd lens group LG2 and lens group LGof ** positive 3rd3 
[ strong ]. It is important in this invention to use not a board beam splitter but the beam splitter 
cube 530. Because, it is a bigger numerical aperture than about 0.45, and is because a beam splitter 
cube provides better performance. The numerical aperture in a cube decreases with the refractive 
index of glass, and when it enters into the board beam splitter in which the un-parallel beam carried 
out the tilt, there is no aberration produced by the board beam splitter. The constitution data of the 
lens system shown in drawing 5 by this invention is shown in the following table 1. 
[0064] _ 
[Table 6] 
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The concave surface mirror 534 has an aspheric surface reflector according to the following 

formulas. 

[0065] 

[Mathematical formula 3] 



z.— JSEE 

i+Vi-a+tfctaw)'* 8 ; 

+(5)7* + (Z3)y 10 + (jE)r 12 + (ir)7 M 



A constant is as follows here. 
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CURV=-0.00289051 K=0.000000A=6.08975x1 0~ 1 1 B=2.64378x1 0 1 4 C=9.82237x1 0" 1 9 D=7.98056x1 0" 
23 E=-5.96805x10' 27 F=4.851 79x10- ~ The lens by the com P° sition of the 31 table 1 is optimized to the 
radiation whose center is 248.4 nanometers. One refraction material which makes the great portion 
of silica glass and refracting power restricts the spectrum band region width of the embodiment 
shown in drawing 5 to about 10 picometer, i.e., 0.01 nanometer. This spectrum band region width is 
very well suitable for the source of a krypton fluoridation excimer laser beam of narrow line width. 
The embodiment shown in drawing 5 may be optimized to the arbitrary wavelength which silica glass 
penetrates appropriately. 
[0066] 

Wider spectrum band region width may be attained using two optical materials which have different 
distribution. A 2nd embodiment of this invention is shown in drawing 6 . From the long conjugate end 
of drawing 6 . The 1st 1/4 wavelength plate 608, an object. Or the reticle side 110, the 2nd 1/4 
wavelength plate 611, lens group LG4, the foldaway mirror 622, lens group LG5, the beam splitter 
cube 632 that has the surface 638, the 1st 1/4 wavelength plate 634, the concave surface mirror 
636, the 2nd 1/4 wavelength plate 640. And lens group LG6 is included. A picture is formed in a 
picture or the wafer surface 180. Lens group LG4 contains the duplet which vacates the interval 
containing the negative lens 612 and the positive lens 614, and is arranged, the weak positive lens 
616, the positive lens 618, and the shell 620. Lens group LG5 contains the positive lens 624, the 
negative lens 626, the positive lens 628, and the negative lens 630. Lens group LG6 contains the 
compound duplet containing the compound duplet containing the two positive lenses 642, the 
positive lens 644, and the negative lens 646, the positive lens 648, and the shell 650 and the positive 
lens 652. 
[0067] 

This 2nd embodiment uses calcium fluoride for one and 2 of the positive lenses of lens group LG6 of 
each positive lens of lens group LG4, and each negative lenses of lens group LG5. The constitution 
data of a 2nd embodiment shown in drawing 6 of this invention is shown in the following table 2. 
[0068] 
[Table 7] 
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Here, the constant of the aspheric surface mirror 634 used for the formula after Table 1 is as 
follows. 

CURV=-0.00286744K=0.0O0O00A=-1 .9201 3x1 (T 09 B=-3.50840x1 0~ 1 4 C=2.95934x1 0" 1 9 D=-1 .1 0495x1 0" 
22 E=9.03439x10" 27 F=-1 .39494. x10" 31 — this 2nd embodiment is optimized to the radiation whose 
center is 193.3 nanometers. 

It has about 200 picometer, i.e., a spectrum band region width of 0.2 nanometer. 
The argon fluoridation excimer laser of slightly narrow line width is a suitable light source. This 
design may be optimized to the arbitrary wavelength which both refraction materials penetrate 
appropriately. Generally bandwidth increases to long wave length more as distribution of material 
becomes small. For example, such two materials designs operate near 248.4 nanometer covering the 
bandwidth of at least 400 picometer (0.4 nanometer). 
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[0069] 

By long wave length, it begins to penetrate appropriately in the wider range of optical glass rather 
than 360 nanometers. A 3rd embodiment shown in drawing 7 decreases distribution further using the 
wide selection range of this glass. A 3rd embodiment from the long conjugate end of drawing 7 . An 
object or the reticle side 110, lens group LG7, the foldaway mirror 722, lens group LG8, the beam 
splitter cube 732 that has the surface 738, the 1st 1/4 wavelength plate 734, the concave surface 
mirror 736, the 2nd 1/4 wavelength plate 740, and lens group LG9 are included. A picture is formed 
in a picture or the wafer surface 180. Lens group LG7 contains the duplet and the positive lens 720 
which vacate the duplet which vacates the interval containing the negative lens 712 and the positive 
lens 714, and is arranged, and the interval containing the positive lens 716 and the negative lens 
718, and are arranged. Lens group LG8 contains the positive lens 724, the negative lens 726, the 
positive lens 728, and the negative lens 730. Lens LG9 contains the compound duplet containing the 
compound duplet containing the positive lens 742, the positive lens 744, and the negative lens 746, 
the positive lens 748, and the shell 750 and the positive lens 752. 
[0070] 

The constitution data of a 3rd embodiment shown in drawing 7 is shown in the following table 3. 

[0071] 

[Table 8] 
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Here, the constant of the aspheric surface mirror 736 used for the formula after Table 1 is as 
follows. 

CURV=-0.Q0291 648K=0.000000A=-1 .27285x1 0" 09 B=-1 .92865x1 (T 1 4 C=6.21 81 3x1 0" 1 9 D=- 
6.80975x1 0 23 E=6.04233x10~ 27 F=3.64479x. 10~ 32 — as for this 3rd embodiment, the center operates 
covering a spectrum band region width of 8 nanometers at 365.5 nanometers. Radiation of this 
spectrum band region width may be provided by the mercury arc lamp filtered in I line wave band. 
Generally optical glass other than the silica glass used in this 3rd embodiment is known as I line 
glass. These optical glass has absorption or the solarization effect at least in mercury I line 
wavelength. 
[0072] 

Drawing 8 shows a 4th embodiment of the optical reduction system of this invention. This 
embodiment has a numerical aperture of 0.63 and the center can operate by the spectrum band 
region width of 300 picometer (preferably 100 picometer) in 248.4 nanometers. From the long 



http://www4apdl.inpit.go jp/cgi-bin/tran_web_cgi_e^ 4/7/2011 



JP,2003-532281,A [DETAILED DESCRIPTION] 



Page 19 of 25 



conjugate end of drawing 8 t an optical reduction system, An object or the reticle side 110, 1st lens 
group LG1, the foldaway mirror 820, 2nd lens group LG2, the beam splitter cube 830, the 1st 1/4 
wavelength plate 832, the concave surface mirror 834, the 2nd 1/4 wavelength plate 838, and lens 
group LGof ** 3rd3 are included. A picture is formed in a picture or the wafer surface 180. 
[0073] 

Lens group LGof ** 1st1 contains the duplet and the positive lens 818 which vacate the interval 
containing the shell 812, the positive lens 814, and the negative lens 816, and are arranged. Lens 
group LGof ** 2nd2 contains the duplet and the negative lens 828 which vacate the interval 
containing the positive lens 822, the negative lens 824, and the positive lens 826, and are arranged. 
Lens group LGof ** 3rd3 contains the two positive lenses 840 and 842, the shell 844, and the two 
positive lenses 846 and 848. Too, like the embodiment shown in drawing 5 , although the foldaway 
mirror 820 of drawing 8 is not indispensable in operation of this invention, it can make parallel 
mutually the object 110 and the image face 180 also here. This is convenient for manufacturing a 
semiconductor device using photo lithography. 
[0074] 

The constitution data of a 4th embodiment shown in drawing 8 is shown in the following table 4. 

[0075] 

[Table 9] 
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Here, the constant of the aspheric surface mirror 834 used for the formula after Table 1 is as 
follows. 

CURV=-0.0033261 4K=0.000000A=-4.32261 E-1 0B=3.50228E-1 4C=7.1 3264E-1 9D=2.73587E-22 This 
4th embodiment is optimized to the radiation whose center is 248.4 nm. One refraction material 
which makes the great portion of silica glass and refracting power restricts the spectrum band 
region width of the embodiment shown in drawing 8 . However, since a 4th embodiment has not 0.7 
maximum mandibular movements but 0.63 maximum mandibular movements like first three 
embodiments, a 4th embodiment, The image formation which may be permitted over half wave 
quantity overall-width value 300 picometer (or preferably 100 picometer) of a spectrum is provided. 
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Therefore, at the former, narrow excimer laser may be adopted as a light source by the latter which 

is not narrow. 

[0076] 

A 4th embodiment differs from first three embodiments in respect of the following. That is, the 
output of the net of LG1 and LG2 of a 4th embodiment is positive [ weak / not negative but weak ] 
as in first three embodiments. This shows that the light-gathering power of the whole which doubled 
LG1 and LG2 makes it possible to be in positive or negative any, and to be the concave surface 
mirror 834 about an entrance pupil in infinite distance too, or to carry out image formation near the. 
[0077] 

Drawing 9 shows a 5th embodiment of the optical reduction system of this invention. Preferably, this 
embodiment has the numerical aperture 0.60 and the center operates by the spectrum band region 
width of 300 picometer in 248.4 nanometers. This optical reduction system from the long conjugate 
end of drawing 9 . The variable wavelength board 905 in a lighting system, an object Or the reticle 
side 110, 1st lens group LG1, the foldaway mirror 920, 2nd lens group LG2, the beam splitter cube 
930, the 1st 1/4 wavelength plate 932, the concave surface mirror 934, the 2nd 1/4 wavelength 
plate 938, and lens group LGof ** 3rd3 are included. A picture is formed in a picture or the wafer 
surface 180. 
[0078] 

Lens group LGof** 1st1 contains the duplet and the positive lens 918 which vacate the interval 
containing the shell 912, the positive lens 914, and the negative lens 916, and are arranged. Lens 
group LGof ** 2nd2 contains the duplet and the negative lens 928 which vacate the interval 
containing the positive lens 922, the negative lens 924, and the positive lens 926, and are arranged. 
Lens group LGof ** 3rd3 contains the two positive lenses 940 and 942, the shell 944, and the two 
positive lenses 946 and 948. Too, like the embodiment shown in drawing 5 , although the foldaway 
mirror 920 of drawing 9 is not indispensable in operation of this invention, it can make an object and 
an image face parallel mutually also here. This is convenient for manufacturing a semiconductor 
device using photo lithography. 
[0079] 

The constitution data of a 5th embodiment shown in drawing 9 is shown in the following table 5. 

[0080] 

[Table 10] 
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Here, the constant of the aspheric surface mirror 934 used for the formula after Table 1 is as 
follows. 

CURV=-0.00325995K=0.000000A=-6.91 799E-1 0B=5.26952E-1 5C=6.1 0046E-1 9D=1 .59429E-22 This 
5th embodiment is optimized to the radiation whose center is 248.4 nm. One refraction material 
which makes the great portion of silica glass and refracting power restricts the spectrum band 
region width of the embodiment shown in drawing 9 . However, since a 5th embodiment has not 0.7 
maximum mandibular movements but 0.6 maximum mandibular movements like first three 
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embodiments, a 5th embodiment provides the image formation which may be permitted over half 
wave quantity overall-width value 300 picometer of a spectrum. Therefore, the excimer laser which 
is not narrow may be adopted as a light source. A 5th embodiment differs from first three 
embodiments in respect of the following. That is, the output of the net of LG1 and LG2 of a 5th 
embodiment is positive [ weak / not negative but weak ] as in first three embodiments. This shows 
that the light-gathering power of the whole which doubled LG1 and LG2 makes it possible to be in 
positive or negative any, and to be the concave surface mirror 934 about an entrance pupil in infinite 
distance too, or to carry out image formation near the. 
[0081] 

( Conclusion) 

Although the specific embodiment of this invention has been mentioned above, please understand 
that these are not what it is shown as mere illustration and restricted. He understands that it can 
succeed [ be / it / under / this / Description / setting ] in the various change in a form and details, 
without deviating from the intention and range of this invention which are specified to the Claims of 
upper **, if it is a person skilled in the art. Therefore, the size and range of this invention should be 
restricted by neither of an above-mentioned illustration embodiment, but should be accepted and 
specified to the Claims of upper **, and its equivalent 
[Brief Description of the Drawings] 
[Drawing 1] 

Drawing 1 is a mimetic diagram of the conventional optical projection system. 
[Drawing 2 A] 

Drawing 2 A is a figure showing the double refraction property of a reticle. 
[Drawing 2 B] 

Drawing 2 B is a figure showing the characteristic of a BEREKU compensator. 
[Drawing 2 C] 

Drawing 2 C is a figure showing the characteristic of a soleil BABINE compensator. 
[Drawing 3] 

Drawing 3 is a mimetic diagram of an embodiment with this invention which used the BEREKU 

compensator. 

[Drawing 4] 

Drawing 4 is a mimetic diagram of an embodiment with this invention which used the soleil BABINE 

compensator. 

[Drawing 5] 

Drawing 5 is a mimetic diagram of the further embodiment of this invention which used simple 
refraction material. 
[Drawing 6] 

Drawing 6 is another embodiment of this invention which used two different refraction materials. 
.Drawing 7. 

Drawing 7 is another embodiment of this invention using the refraction material in which many differ 
from two. 
[Drawing 8] 

Drawing 8 is another embodiment of this invention. 
[Drawing 9] 

Drawing 9 is another embodiment of this invention. 
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[Drawing 2 A] 
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[Drawing 2 C] 
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[Drawing 4] 
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[Drawing 5] 



http://www4.ipdl .inpit.go .jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3 A%2F%2Fwww4.ipd... 4/7/20 1 1 



JP,2003-532281,A [DRAWINGS] 



Page 8 of 12 




http://www4 . ipdl . inpit.go.jp/cgi-bin/tran_web_cgi_ejj e?atw_u=http%3 A%2F%2F www4. ipd. . . 4/7/20 1 1 



JP,2003-532281,A [DRAWINGS] 



Page 9 of 12 




http://www4.ipdl jnpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipd... 4/7/2011 



JP,2003-532281,A [DRAWINGS] 



Page 10 of 12 




[Drawing 8] 
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[Drawing 9] 
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[Method of Amendment]Change 
[The contents of amendment] 
[Claim(s)] 
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[Claim 1] It is an optical reduction system in a photolithography tool, 
This system, 

REKUCHIRU arranged between a source of an optical beam, and an objective lens group in 
accordance with an axis of an optical beam course, 

A polarization compensator which is a polarization compensator arranged in accordance with this 
axis, and adjoins this REKUCHIRU, and is arranged between this source of an optical beam, and this 
objective lens group 
A preparation, 

An optical reduction system which this polarization compensator provides a variable wavelength 
polarization difference which changes this optical beam, and is used so that this optical beam may 
project a picture of this REKUCHIRU on this objective lens group. 

[Claim 2]A lens group in which are a lens group which has the negative output provided with an 
outgoing radiation numerical aperture, and this outgoing radiation numerical aperture is larger than 
an object space numerical aperture, 

A beam splitter which separates light which enters from this lens group, 

A concave surface mirror, 

Another lens group which has a positive output 

It prepares for a pan, 

Change said polarization compensator and polarization of light received by this lens group a negative 
output of this lens group, providing sufficient output to carry out image formation of the entrance 
pupil of said system to an aperture stop near this mirror in this mirror in infinite distance — this — 
another positive output of a lens group, The optical reduction system according to claim 1 which 



provides all substantially [ output / of this system ], and carries out image formation of the outgoing 



radiation pupil of this system to infinite distance. 



Claim 3]A variable wavelength board with which it is the variable wavelength board arranged 



between a source of an optical beam, and the 1st lens group, and this 1st lens group has a positive 
output and the number of incidence openings in accordance with an axis of an optical beam course, 
REKUCHIRU which it is REKUCHIRU which adjoins this variable wavelength board and is arranged, 
this variable wavelength board provides with elliptically polarized light in accordance with this axis, 
and this reticle provides with linear polarization, 

The 2nd lens group it is the 2nd lens group of a negative output and this 2nd lens group is 
separated from the 1st lens group, and has a bigger outgoing radiation numerical aperture than the 
number of incidence openings of this 1st lens group, 
A beam splitter, 
1/4 wavelength plate, 
A concave surface mirror, 
The 3rd lens group of a positive output 
an optical reduction system. 
[Claim 4]The optical reduction system according to claim 3 whose aforementioned variable 
wavelength board is a compensator of BEREKU. 



[Claim 5]The optical reduction system according to claim 3 whose aforementioned variable 



wavelength board is a soleil BABINE compensator. 
"Claim 6]The optical reduction system according to claim 4 further provided with the 1st 1/4 



wavelength plate arranged between said beam splitter and said concave surface mirror. 
[Claim 7]The optical reduction system according to claim 6 further provided with the 2nd 1/4 
wavelength plate arranged between said beam splitter and said 3rd lens group. 



Claim 8]A positive output of said 1st lens group provides sufficient output to carry out image 



formation of the entrance pupil of said system to an aperture stop near [ this ] the mirror in said 
mirror in infinite distance via said 2nd lens group, The optical reduction system according to claim 3 
which a negative output of this 2nd lens group provides required conjugate to said concave surface 
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mirror, and a positive output of said 3rd lens group provides the remainder of an output of the whole 
system, and carries out image formation of the outgoing radiation pupil of this system to infinite 
distance. 

[Claim 9]A variable wavelength board, 

REKUCHIRU, 

The 1st optical element 

A preparation, 

This REKUCHIRU is arranged between a source of an optical beam, and this 1st optical element in 
accordance with an axis of an optical beam course, 

An optical system with which this variable wavelength board is arranged in front of this 1st optical 
element in accordance with an axis of a next door of this REKUCHIRU. 

[Amendment 2] 

[Document to be AmendedjDescription 
[Item(s) to be Amended]0029 
[Method of Amendment]Change 
[The contents of amendment] 
[0029] 

III. A conventional optical system and reticle double reflex 

Drawing 1 illustrates the conventional optical reduction system. Even at the short conjugate end by 
which a wafer is arranged from the long conjugate end by which a reticle is arranged, the 
conventional optical reduction system, It has the 1st optical element groups 120, the beam splitter 
cube 150, the 1st 1/4 wavelength plate 140, the concave mirror 130, the 2nd 1/4 wavelength plate 
160, and the 2nd optical element groups 170. . Each of these elements 120-170 was published by 
Williamson on July 16, 1996. It is indicated in the U.S. Pat. No. 5,537,260 item of a name 
"Catadioptric Optical Reduction System withHigh Numerical Aperture/' The size of a numerical 
aperture and the requirements for spectrum radiation, and the future of arbitrary optical systems 
interdepend on each other. In order to emanate to a reticle efficiently, it may ask for linear 
polarization. For example, the light source 102 may be used. In a certain case, it may ask for other 
exposure polarization conditions, for example, right-handed circularly polarized light, or left-handed 
circularly-polarized lights, the linear polarization introduced in the top — or it limits to linear 
polarization mostly and the following sections are explained. 

[Amendment 3] 

[Document to be Amended]Description 
[Item(s) to be Amended]0052 
[Method of AmendmentjChange 
[The contents of amendment] 
[0052] 

In a certain embodiment, even evaluation of a polarization condition is ****** to exposure to dose 
control. For example, a polarization condition is equalized to a reticle. Drawing 3 illustrates the 
embodiment of this invention which deletes such asymmetry or print bias. Drawing 3 shows the 1st 
optical element group 320, the beam splitter 350, the 1st 1/4 wavelength plate 340, the concave 
surface mirror 340, the 2nd 1/4 wavelength plate 360, the 2nd optical element group 370, and the 
wafer 380. The light source 302 is shown again. The light source 302 is the same as the light 
sources 402, 502, 602, 702, 802, and 902 shown in each of the light source 102 shown in drawing 1 
or drawing 4 - drawing 9, and is obtained. The BEREKU compensator 305 is introduced in front of an 
object or the reticle flat surface 110. The BEREKU compensator 305 carries out fine tuning of the 
light of the reticle plane polarized light, and is made to adjust it to a state [ **** ] almost just at a 
reticle flat surface. In an embodiment with an optical irradiation system without a loss, a 
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compensator introduces the amendment to polarization equal to a polarization condition without a 
compensator. Although amendment is a sign showing an opposite meaning, it separates from a state 
[ **** ] t When an incident light study element has a double reflex of a small quantity which is not 
meant in front of powerful arbitrary light polarizers, the exposure compensator can offset the further 
quantity that compensates this double reflex. Therefore, the dose error produced by the double 
reflex of a reticle is minimized, and its line width control improves. 

[Amendments] 

[Document to be Amended]Description 
[Item(s) to be Amended]0053 
[Method of Amendment]Change 
[The contents of amendment] 
[0053] 

(B. Another embodiment) 

It is clear to a person skilled in the art that it may be inserted in the system in front of the reticle 
110 instead of the soleil BERIE compensator 405 being BEREKU 305. This embodiment that the 
soleil BERIE compensator 405 achieves the same function as the BEREKU compensator 305, and 
generally commits in the same characteristic as mentioned above is shown in drawing 4. Drawing 4 
shows the 1st optical element group 420, the beam splitter 450, the 1st 1/4 wavelength plate 440, 
the concave surface mirror 430, the 2nd 1/4 wavelength plate 460, and the 2nd optical element 
group 470 again. 

[Amendment 5] 

[Document to be Amended]Description 
[Item(s) to be Amended]0066 
[Method of Amendment]Change 
[The contents of amendment] 
[0066] 

Wider spectrum band region width may be attained using two optical materials which have different 
distribution. A 2nd embodiment of this invention is shown in drawing 6. From the long conjugate end 
of drawing 6. The 1st 1/4 wavelength plate 605 , an object.Or the reticle side 110, the 2nd 1/4 
wavelength plate 611, lens group LG4, the foldaway mirror 622, lens group LG5, the beam splitter 
cube 632 that has the surface 638, the 1st 1/4 wavelength plate 634, the concave surface mirror 
636, the 2nd 1/4 wavelength plate 640. And lens group LG6 is included. A picture is formed in a 
picture or the wafer surface 180. Lens group LG4 contains the duplet which vacates the interval 
containing the negative lens 612 and the positive lens 614, and is arranged, the weak positive lens 
616, the positive lens 618, and the shell 620. Lens group LG5 contains the positive lens 624, the 
negative lens 626, the positive lens 628, and the negative lens 630. Lens group LG6 contains the 
compound duplet containing the compound duplet containing the two positive lenses 642, the 
positive lens 644, and the negative lens 646, the positive lens 648, and the shell 650 and the positive 
lens 652. 
[Amendment 6] 

[Document to be Amended]Description 
[Item(s) to be Amended]0072 
[Method of Amendment]Change 
[The contents of amendment] 
[0072] 

Drawing 8 shows a 4th embodiment of the optical reduction system of this invention. This 
embodiment has a numerical aperture of 0.63 and the center can operate by the spectrum band 
region width of 300 picometer (preferably 100 picometer) in 248.4 nanometers. From the long 
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conjugate end of drawing 8, an optical reduction system, An object. Or the field 836 of the reticle 
side 110, 1st lens group LG1, the foldaway mirror 820, 2nd lens group LG2, the beam splitter cube 
830, the 1st 1/4 wavelength plate 832, the concave surface mirror 834, and the beam splitter cube 
830 , the 2nd 1/4 wavelength plate 838. And lens group LGof ** 3rd3 is included. A picture is formed 
in a picture or the wafer surface 180. 

[Amendment 7] 

[Document to be Amended]Description 
[Item(s) to be Amended]0077 
[Method of Amendment]Change 
[The contents of amendment] 
[0077] 

Drawing 9 shows a 5th embodiment of the optical reduction system of this invention. Preferably, this 
embodiment has the numerical aperture 0.60 and the center operates by the spectrum band region 
width of 300 picometer in 248.4 nanometers. This optical reduction system from the long conjugate 
end of drawing 9. The variable wavelength board 905 in a lighting system, an object. Or the field 936 
of the reticle side 110, 1st lens group LG1, the foldaway mirror 920, 2nd lens group LG2, the beam 
splitter cube 930, the 1st 1/4 wavelength plate 932, the concave surface mirror 934, and the beam 
splitter cube 930 , the 2nd 1/4 wavelength plate 938. And lens group LGof ** 3rd3 is included. A 
picture is formed in a picture or the wafer surface 180. 

[Amendment 8] 

[Document to be Amended]DRAWINGS 
Qtem(s) to be Amended]Drawing 6 
[Method of Amendment]Change 
[The contents of amendment] 
[Drawing 6] 
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